the detailed comorbidity status of hospitalized elderly patients throughout Japan has remained largely unknown; therefore, our goal was to rigorously explore this situation and its implications as of the 2015 fiscal year (from April 2015 to March 2016). This study was based on a health insurance claims database, covering all insured policy holders in Japan aged ≥60 years (male: n = 2,135,049, female: 1,969,019) as of the 2015 fiscal year. Comorbidity status was identified by applying principal factor analysis to the database. The factors identified in male patients were [1] myocardial infarction, hypertension, dyslipidemia, and diabetes mellitus; [2] congestive heart failure (CHF), cardiac arrhythmia, and renal failure; [3] Parkinson's disease, dementia, cerebrovascular disease, and pneumonia; [4] cancer and digestive disorders; and [5] rheumatoid arthritis and hip fracture. However, in female patients, the results obtained for the quaternary and quinary factors were the opposite of those obtained in male patients. In superelderly patients, dementia, cerebrovascular disease, and pneumonia appeared as the tertiary factor, and hip fracture and osteoporosis appeared as the quaternary factor. The comorbidities in the elderly patients suggest the importance of coronary heart disease and its related metabolic disorders; in superelderly patients, fracture and osteoporosis appeared as factors, in addition to dementia and pneumonia.
It is well known that the demographic structure of Japan has been changing dramatically, toward a far more elderly population combined with sharply declining birth rates. The proportion of the population accounted for by the elderly population (aged ≥65 years) will exceed 30% by 2025 and reach a remarkable 40% by 2060. In addition, the elderly population (aged ≥75 years) was 15.60 million (12.3%) in 2013, and it is expected to reach 23.36 million (26.9%) by 2060 1 . Both the World Health Organization and the United Nations define an "aging society" as the one in which >7% of the population is aged ≥65 years, an "aged society" as the one in which >14% of the population is aged ≥65 years, and a "superaged society" as the one in which >21% of the population is aged ≥65 years. The growth rate of the elderly population in Japan is considerably higher than that in other developed countries, partly owing to the advanced medical technology widely available in the country. Japan is now categorized as a superaged society, with >25% of its population aged ≥65 years.
With the growing number of elderly people, the occurrence of age-related diseases has been steadily increasing. Comorbidities are a well-known phenomenon in the elderly population and are associated with a greater risk of death, poor functional status, reduced quality of life, the possibility of a higher risk of adverse events in
Results
Our study comprised 2,135,049 male and 1,969,019 female patients aged ≥60 years who had been patients in DPC hospitals during the 2015 fiscal year ( Fig. 1 ). Furthermore, we performed stratified analysis in elderly (60-84 years old) and superelderly (≥85 years old) patients; Fig. 2 shows the distribution of data by age and sex. Different disease statuses showed different prevalence patterns in both male and female DPC hospitalized patients analyzed using disease code in Table 1 (Table 2 and Fig. 3 ). For pneumonia, a steady upward trend was observed for both sexes. The prevalence of cardiovascular diseases was highest among all ailments in all age groups. Hypertension was the most frequent condition in male and female patients (38% and 37%, respectively; Table 2 ). Furthermore, diabetes was a remarkably frequent condition (26% in male and 19% in female patients) in addition to cancer.
In super elderly patients (≥85 years old), the prevalence of coronary heart disease was the highest (60.3%), followed by that of hypertension and diabetes mellitus ( Table 2 ). The prevalences of cerebrovascular diseases; diabetes mellitus; myocardial infarction; respiratory diseases, such as pneumonia and chronic obstructive pulmonary disease (COPD); and cancer were lower in female patients than in male patients; however, rheumatoid arthritis, hip fracture, and osteoporosis were more prevalent in female patients.
Principal factor analysis. The scree and variance-explained plots for male patients indicated that four factors were extracted for male and female patients and revealed the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy value (the plots are not shown). As shown in Table 3 , in elderly patients aged 60-84 years, both sexes had some similarities; for example, the prevalence of cancer decreased with age, whereas that of cardiovascular diseases remained stable or increased with age. The primary factor comprised myocardial infarction, hypertension, dyslipidemia, and diabetes mellitus in male patients and hypertension and dyslipidemia in female patients. The secondary factor comprised CHF, cardiac arrhythmia, and renal failure in male patients and CHF and cardiac arrhythmia in female patients. The tertiary factor comprised Parkinson's disease, dementia, cerebrovascular disease, pneumonia, and dementia in female patients. The quaternary factor comprised digestive disorders and cancer in male patients and hip fracture in female patients. The quinary factor comprised rheumatoid arthritis and hip fracture in male patients and cancer and digestive tract diseases in female patients. The quaternary factor comprised rheumatoid arthritis and hip fracture, and the quinary factor comprised cancer and digestive tract diseases for female patients. In contrast, the quaternary factor comprised cancer and digestive tract diseases, and the quinary factor comprised rheumatoid arthritis and hip fracture for male patients.
In super elderly patients, the scree and variance-explained plots indicated that the number of factors extracted was three for male patients and five for female patients. For male patients, the primary factor comprised myocardial infarction, dyslipidemia, diabetes and hypertension. For females, the primary factor comprised myocardial infarction, dyslipidemia, and hypertension, whereas the secondary factor comprised CHF, followed by cardiac arrhythmia and renal failure; the secondary factor was the same in both sexes. The tertiary factor for male patients comprised pneumonia, followed by dementia and cerebrovascular diseases, whereas for female patients, it comprised pneumonia and dementia. The quaternary factor comprised only osteoporosis in male patients and comprised hip fracture and osteoporosis in female patients. The quinary factor comprised cancer and digestive tract diseases in female patients. Table 2 . Prevalence of diseases in the study population. AMI: acute myocardial infarction. CHF: congestive heart failure. COPD: chronic obstructive pulmonary disease. The prevalence was calculated by dividing the number of target-disease patients by the total number of patients in the study cohort. Table 1 , indicated with *. Prevalence was calculated by dividing the number of target-disease patients by the total number of patients in the study cohort. (b) Age-stratified distribution of diseases in female patients. The definitions of diseases are shown in Table 1 , indicated with *. The prevalence was calculated by dividing the number of target-disease patients by the total number of patients in the study cohort. www.nature.com/scientificreports www.nature.com/scientificreports/ Age-and sex-adjusted odds ratios. Table 5 shows the age-and sex-adjusted odds ratios for comorbidities. High odds ratios were observed for the following diseases: acute myocardial infarction and CHF, acute myocardial infarction and dyslipidemia, cardiac arrhythmia and CHF, myocardial infarction and artery dissection, 
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Discussion
This study is the first to examine comorbidities in elderly (aged ≥60 years) patients using routine claims data from the Japanese National Database for health-care information. The major findings of the present study are as follows: (1) the highest prevalence rates (>20%) in elderly patients in Japan were found for cancer, coronary diseases, and diabetes mellitus in DPC hospitals; (2) a downward trend in the prevalence rate of cancer was observed, but an upward pattern was evident for pneumonia with age, with cardiovascular diseases showing a www.nature.com/scientificreports www.nature.com/scientificreports/ high prevalence across all age groups; (3) in our exploratory factor analysis, cardiovascular diseases combined with diabetes mellitus constituted a primary factor, followed by cerebrovascular diseases, depression, and pneumonia as the secondary factor and cancer and digestive disorders or osteoporosis and rheumatoid arthritis as the tertiary factor; (4) a strong association was observed within some disease combinations such as myocardial infarction, dyslipidemia, and hypertension; Parkinson's disease, pneumonia, and dementia; hip fracture and schizophrenia; and hip fracture and osteoporosis; and (5) in terms of the superelderly patient disease pattern, the comorbid status for the primary and secondary factors was the same as that in the elderly patients (60-84 years old); however, osteoporosis and hip fracture or rheumatoid arthritis appeared in super elderly patients.
Regarding characteristics of comorbidity status in elderly patients in Japan, by quantifying the prevalence of comorbid conditions at specific ages, our results offer a starting point toward characterizing elderly patients with medically complex conditions. We confirmed that metabolic diseases such as hypertension, diabetes, and cardiovascular diseases, in addition to neurological diseases, including dementia, cerebrovascular disease, pneumonia, hip fracture, and cancer, account for the major health burden for elderly patients in Japan 15 . The results of this study largely concur with the findings of earlier research in other parts of the world 16 , which has identified clear relationships for three comorbidity patterns: cardiovascular and metabolic diseases, mental health problems, and musculoskeletal diseases. The high prevalence of various chronic diseases, including diabetes, has shown an age-dependent increase in younger Japanese patients as well, underlining the importance of disease prevention to avoid unnecessary complications 17 . In addition, we observed that 38% of all patients had hypertension and confirmed the widely held view that hypertension is closely related to cardiovascular diseases and diabetes. Several studies in Western nations found a similar cluster of cardiometabolic diseases to be the primary cause of health challenges in the elderly [18] [19] [20] [21] [22] . Cardiovascular and metabolic disorders, a grim partnership that has long been known to be a major driver of low health status and high social costs, are primarily characterized by insulin resistance, hypertension, and obesity. Our study results were similar to Bahat's et al. 23 results, which showed that cardiovascular diseases were the primary diseases in the elderly. One implication from this study may include that 1.71 1.24 1.41 1.48 2.31 0.82 1.73 0.89 1.43 1.58 1.24  1.65 1.27 1.57 1.10 www.nature.com/scientificreports www.nature.com/scientificreports/ physicians should oversee the early prevention of cardiovascular diseases, in addition to neurological disorders, pneumonia, hip fracture, and cancer.
Our study results reflect the experience of elderly patients at a relatively severe or terminal stage of health problems and complications because it included only DPC inpatients who needed secondary care for special procedures, treatments, or surgeries. For example, the prevalence of pneumonia increases with age, whereas that of cancer decreases with age after a point; in contrast, the prevalence of cardiovascular diseases becomes relatively stable after a substantial increase in the 60-and 70-year age brackets. We did not evaluate the age-adjusted incidence rate of cancer; however, the burden of cancer remained high in the superelderly patients (solid cancer: male, 22.7% and female, 11.4%) ( Table 2 ). These data indicate that Japan will face a substantial increase in the number of elderly patients with cancer, which is consistent with the findings of other reports 24, 25 . A more detailed analysis, such as year trend analysis including cancer sites and geographical distribution, will provide further information.
Regarding Parkinson's disease and its related diseases, several studies have demonstrated that age influences their clinical progression. Aging was found to be directly related to faster motor progression, decreased levodopa responsiveness, severe gait and postural impairment, severe cognitive impairment, and the development of dementia [26] [27] [28] [29] [30] in patients with Parkinson's disease. Our results showed a strong association of Parkinson's disease with dementia (age-adjusted odds ratio = 3.63) in addition to mental disorders, such as depression and schizophrenia. In addition, neurological diseases and mental disorders were found to be secondary factors in the elderly female patients included in this study. In male patients, cerebrovascular diseases were in the same category as cardiometabolic diseases. While many earlier investigations from different countries have shown that cardiac insufficiency is a risk factor for stroke, which in turn increases the risk for vascular dementia 31, 32 , our data revealed a correlation with dementia (age-and sex-adjusted odds ratio = 1.77), and this correlation was found only in the factor analysis of elderly male patients (Table 4 ). Our study also found a prominent combination of pneumonia and mental illness, which is explainable by reports showing that patients with dementia and other neurological diseases present with functional and cognitive impairment for a long period before death and may also develop dysphasia, nutritional deficiency, pneumonia, and immobility, therefore becoming partially or completely dependent for their ADL [33] [34] [35] [36] .
We found considerable differences in the patterns of comorbidities between sexes. The prevalence rate of cardiovascular diseases (e.g., acute myocardial infarction, diabetes mellitus, cerebrovascular diseases, aortic dissection) was found to be higher in male patients than in female patients (60-64 years old). However, this sex difference disappeared in superelderly patients. Furthermore, the prevalence rate of musculoskeletal diseases, such as rheumatoid arthritis, hip fracture, and osteoporosis, was higher in female patients. This finding can be explained by the fact that women survive longer and exhibit higher rates of mechanical disorders, as suggested by Abad-Diez, J. M. 37 . The female pattern of hip fracture, osteoporosis, and rheumatoid arthritis, which did not appear in elderly male patients, suggested an association between mental disorders and frailty, especially regarding hip fractures in female patients. Sex differences in prevalence rates might account for the different compositions of these patterns, e.g., the combination of rheumatoid arthritis and hip fracture was mostly found in females 38, 39 . This disease pattern can be explained by sex hormones; estrogens, along with prolactin, are associated with a female predisposition to autoimmune and rheumatic diseases, and sex hormones are related to the upregulation of the expression of adiponectin levels, which reduces the risk of type 2 diabetes in females 40, 41 . Women were affected more frequently by dementia, depression, osteoarthritis, rheumatic diseases, and hip fracture, which are responsible for further impairment of daily life activities, and the identification of these differences could represent a powerful tool to promote sex-specific personalized care in elderly inpatients.
This article's results should also be interpreted while keeping in mind some other limitations. First, our dataset did not include the outpatient claim diagnosis, which could not be validated via clinical examinations. In our study, the results can be readily explained by how we identified comorbidity patterns considering the characteristics of the large DPC database, where inpatients constituted a relatively large proportion of all the acute phase patients; therefore, caution is required when interpreting the results because they do not precisely reflect what would be seen in a broader primary care population. Generally, the claim data for diagnosis comprise the diagnosis for reimbursement; in addition, physician-related variations may exist in reporting comorbid conditions in claim data. Therefore, in our study, we were able to take our analysis only to the limits of the DPC data because the DPC records are more accurate due to medical institutions usually being subject to a review of their requests for insurance payments; furthermore, Yamana et al. 38 reported the validity of the claim data in DPC hospitals. In addition, our data did not include information on outpatient prescriptions, and therefore, the analyses likely underestimate the extent of the morbidity burden as well as the degree of the comorbidities. Because we used claim data for the main or secondary disease diagnosis, we assume that our data do not reflect the full range of comorbid conditions. Second, elderly individuals with no diseases or any outpatient status were not included in our study, which might lead to the overestimation of correlations among diagnosis groups 22 . Finally, regarding the data analyzed in this study, it was largely medical doctors who prescribed the drugs or medical procedures documented in the database depending on what they regarded as comorbid conditions; therefore, in some percent of cases, the treatments undertaken might not directly reflect the disease status. In this regard, Ishii et al. 42 discussed the possibility of underestimating disease prevalence in the context of a clinical setting, for example, regarding osteoporosis or Alzheimer's disease. However, our results clearly address the more common acute comorbidities among hospitalized elderly patients in Japan. Aoki et al. 43 reported that five comorbid patterns were observed in a nationwide cross-sectional survey of 3,256 adult Japanese residents: cardiovascular/renal/metabolic, neuropsychiatric, skeletal/articular/digestive, respiratory/dermal, and malignant/digestive/urologic. Our study targeted the elderly population; however, the comorbid patterns were, in part, similar to those in the study results of Aoki et al. 43 For example, we did not find the skeletal/digestive or respiratory/dermal comorbid pattern; one possible explanation for the difference is disease selection and categorization. Moreover, we did not include dermal diseases and focused on specific diseases, such as pneumonia and dementia, not on a broad category of neuropsychiatric or respiratory diseases.
Despite these limitations, our study has several strong points. The NDB database analyzed in this study is nationally representative and contains data on approximately 4 million patients. Most Japanese citizens must belong to one of the major insurance systems, including the National Health Insurance, the Japan Health Insurance Association, health insurance arrangements provided by unions, employee insurance provided by mutual aid associations, and the Medical Care System for the Elderly, which covers people aged ≥75 years 12 . The NDB database includes all the processed health-care insurance claims, so it is highly representative of the country as a whole.
From a methodological perspective, our study used factor analysis to identify comorbidity patterns among elderly patients in Japan. This approach worked well for our dataset. The approach generated a clear but limited set of five factors for both sexes and produced a good model fit, as reflected by a high rate of cumulative percentage of variance and a more than sufficient sampling adequacy, based on the KMO measure.
A better understanding of the prevalence of different comorbid conditions among the elderly population may help devise appropriate health policy strategies. In particular, the prevalence of multimorbid conditions that require pharmacotherapy drives the use of multiple medications among older adults. As Arai et al. 29 proposed the need for "multidisciplinary care" to meet the various demands for medical care and welfare of elderly individuals, our suggestion for the practical implication of this study is that health-care professionals should use a holistic approach by being aware of the physical traits of older people who suffer from multimorbid status, including dementia and geriatric syndromes, such as depression, falls, and urinary incontinence. Our findings revealed that cardiovascular diseases are the leading factors that result in a comorbid status; furthermore, some sex differences in morbidity status were observed regarding DPC hospitalizations throughout Japan, with musculoskeletal diseases being especially prominent in elderly female patients. Recognizing comorbidities might require methods that complement disease-specific and reductionist approaches. However, our results do not address the realities of comorbidities that may exist in the general elderly population, including the outpatient population; therefore, further research focusing on older adult outpatients and using longitudinal analysis is warranted.
Methods
The NDB database contains comprehensive claim records regarding DPC inpatient care within the National Health Insurance system of Japan, and the data available include the insurer's code and the insured's ID number, diagnosis, age, sex, date of outpatient service, date of admission, date of discharge, procedures undertaken, drug information, etc. 10 . In this study, we used datasets based on inpatient claims. All claim data used in our analysis were deidentified by the Ministry of Health, Labour and Welfare, and the guidelines on information security from the ministry were followed in the study. To use the NDB database, the opt-out method was applied in the Health and Welfare Ministry in Japan, and inspection by and permission from the ministry for publication are needed before the submission of the draft to ensure that patient privacy is respected. All claim records regarding the admission of patients aged >60 years with a diagnosis of the various lifestyle-related diseases shown in Table 1 were identified from the NDB database. In the 2015 fiscal year (from April 2015 to March 2016), we enrolled any patients who had at least one diagnosis with any treatment processed in the claim data. Under the DPC approach for identifying illnesses and their various components, providers are reimbursed for basic hospital stays, tests, diagnostic imaging, medication, and injections, as well as for treatments costing less than 1,000 "points" (currently 10,000 yen, or about $125). Our data included only DPC claim data and therefore excluded any claims generated in various fee-for-service systems 13 . All included diagnoses were categorized according to the "The International Classification of Disease, 10th Revision, Clinical Modification" (ICD-10) diagnosis system.
Comorbid health conditions such as heart and pulmonary diseases, diabetes, and arthritis are commonly present in elderly patients. Either at least one claim with a diagnosis during the 2015 fiscal year or one claim with a diagnosis for a procedure was required to classify patients as having the targeted diseases. In our study, prevalence values were calculated for the total DPC cohort among hospitalized patients during the 2015 fiscal year. It is important to accurately apply each diagnostic code, and this depends upon the type of disease as well as the reality that in Japan, doctors often use the insurance disease name as the suspected disease name. Therefore, we used only the main diagnostic codes, the subdiagnostic codes, and the medical resource codes among all the DPC inpatient disease codes, which are inspected by the Ministry of Health, Labour and Welfare. The institutional review board of the Juntendo University Hospital approved this study (registration number: 15-178).
Data analysis.
Our study focused on the trends in the prevalence of medical conditions, following the definition of lifestyle-related diseases provided by the Ministry of Health, Labour and Welfare, which includes diabetes, hypertension, hyperlipidemia, liver dysfunction, cerebrovascular illness, cardiovascular diseases, artery dissection, and renal dysfunction. The patient survey in 2017 reported that the most common cause of disability was cerebrovascular accidents, followed by dementia, frailty due to aging, joint disorders, bone fracture, and cardiac disease 14 . In addition, the standard core recommendations used in normal systematic multimorbidity reviews guided our selection and definition of morbidities included in this study. For the principal factor analysis, the selection and definition of morbidities were partly subjective, and we selected 25 diseases in this regard: myocardial infarction (or acute myocardial infarction), CHF (or acute CHF), cardiac arrhythmia/atrial fibrillation, artery dissection/aortic aneurysm, depression, schizophrenia, cerebrovascular diseases, dementia, COPD, pneumonia, cancer, hypertension, dyslipidemia, diabetes mellitus, thyroid disease, rheumatoid arthritis, knee arthritis, allergy, renal failure, hip fracture, osteoporosis, digestive diseases, cataract 12 , lymphoma and leukemia, and Parkinson's diseases. In the analysis of disease transition by age, we selected the main causes of death in Japan, such as cardiovascular diseases, cerebrovascular diseases, pneumonia, cancer, and renal failure. www.nature.com/scientificreports www.nature.com/scientificreports/ We stratified the data by sex and examined the trends in the prevalence rates of the selected medical conditions across the seven 5-year age strata including individuals over the age of 60 years (60-64, 65-69, 70-74, 75-79 80-84, 85-89, 90-94, 95-99 and ≥100). For the denominator in the prevalence calculations, we used the total number of DPC hospital patients, not the total population in Japan, and thus, the prevalence reported in this study is not the population prevalence. Correlations among diagnosis groups were analyzed using exploratory factor analysis. The principal factor analysis method was used to identify sets of disease groups with a common underlying causal factor. The extraction of the initial solution was performed using the principal factor method with squared multiple correlations for the prior communality estimates. Our final dataset of morbidities was coded in binary format (0 = no disease, 1 = presence of disease), and the correlation matrix among the diagnoses was computed using tetrachoric correlation 36 . The adequacy of the sample was analyzed by measuring the KMO statistic, which gets closer to 1 with a greater goodness of fit; in addition, the proportion of cumulative variance was described for variability. The promax rotation was applied for accurate estimation in primary factor analysis. We included patients without the aforementioned diseases in our study to prevent the overestimation of correlations among diagnosis groups. The number of factors to be extracted was determined using scree plots and the clinical evaluation of the different solutions obtained 44, 45 . Diseases with a factor loading higher than 0.20 were selected, with the aim of determining the diseases that composed each pattern. Although comorbidities are usually defined as the simultaneous presence of two or more chronic diseases, our definition more specifically required the presence of more than one chronic disease in 1 study year, as recorded in the DPC claim data. An SQL server was used for data extraction, and SAS 9.4 software was used to perform statistical analysis.
Data availability
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